INTRODUCTION
============

Hemorrhage is a preventable yet major cause of death among patients with severe trauma ([@B1], [@B2], [@B3], [@B4], [@B5]), as it can quickly cause acidosis, hypothermia, and coagulopathy, the so-called lethal triad, which is irreversible. Thus, to increase the chances of survival, quick hemostatic methods such as surgery or angioembolization, along with supportive care using fluids and blood transfusions, are crucial. However, there have been reports of adverse events arising from the conventional method of using crystalloid fluids in patients with major trauma who require massive blood transfusion. Thus, a new concept of damage control resuscitation (DCR) was developed based on recent military experiences and research ([@B6], [@B7], [@B8]).

DCR, now listed in surgery textbooks ([@B9]) as a method that involves permissive hypotension, limited use of crystalloid fluids, and early use of blood products, is now an essential concept that surgeons have to learn to be able to deal with patients in hypovolemic shock due to hemorrhage, even if they are not patients with trauma ([@B10]). However, there are various views on the validity of such a management technique. Further, the correct ratio of fresh frozen plasma (FFP) to packed red blood cells (PRBC) that should be used remains unclear. Recent studies have suggested that it is more beneficial to use more amount of FFP, to the extent that its ratio to PRBC is close to 1:1 ([@B11], [@B12]). However, the excessive use of FFP may cause infection, transfusion-related acute lung injury (TRALI), and acute respiratory distress syndrome (ARDS) ([@B13], [@B14], [@B15]). Conversely, other studies have suggested that patients receiving a large amount of FFP have a low mortality rate because they have higher chances of survival, which makes it possible for them to receive a large amount of FFP. Thus, this suggests a possible selection bias and the need for a prospective trial ([@B16]). In view of this, we had previously tried to estimate the correct ratio of PRBC to FFP for treating severe trauma patients. Prior to 2007, we administered FFP:PRBC according to the transfusion protocol at a ratio of \<0.5, but we then increased the ratio because another study demonstrated better results with the use of a higher amount of FFP ([@B8], [@B11], [@B17], [@B18]). Furthermore, a more stable course was noted when less crystalloids and more FFP were used at an early stage of patient management; hence, we further increased the ratio 2 yr ago in an attempt to increase the FFP:PRBC ratio to 1:1. Thus, we felt the need to thoroughly analyze the recent data on patients with severe trauma who had received massive transfusions to establish an effective PRBC:FFP administration ratio. We plan to use the results of this study at our institution when treating patients with severe trauma who are expected to undergo surgery and may require massive transfusion.

MATERIALS AND METHODS
=====================

Medical records of 100 patients who were hospitalized at the Ajou University Hospital due to severe trauma and who received massive transfusion (≥10 units of RBCs in 24 hr) from March 2010 to October 2012 were retrospectively analyzed. Ajou University Hospital is a leading tertiary hospital in Korea, with 16,000 trauma patients visiting its emergency room (ER) every year, several of whom have injury severity scores (ISS) higher than 15.

To reduce bias, the patients who died upon arrival at the hospital or within an hour of their arrival were excluded. The demographic, transfusion, laboratory evaluation, time-to-death after ER admission, and outcome data of the 100 patients were analyzed retrospectively using their medical records. All time-to-death data were calculated based on the time of ER admission of the patients. The PRBC and FFP units were adjusted to standard units and totaled. The crystalloid and colloid amounts were adjusted to the infused volume (L) and similarly recorded.

Patients were categorized according to their FFP:PRBC ratio. Those with ratios of 0.5 or greater were assigned to the \"high-ratio\" group, and those with ratios of less than 0.5 were assigned to the \"low-ratio\" group; the demographic, laboratory, and clinical characteristics of the 2 groups were compared. The continuous variables were compared using a Student\'s *t*-test, and the categorical variables were tested using chi-square analysis or a Fisher\'s exact test, as appropriate. The relationship between the survival time and the FFP:PRBC ratio was assessed with Kaplan-Meier methods. The 24-hr and 30-day survival rates of the 2 groups were compared using the Kaplan-Meier plots. In addition, the complications, such as infection (pneumonia, bloodstream infection, catheter-related infection, urinary tract infection, and wound infection), as well as the incidence rates of TRALI and ARDS, in the 2 groups were compared and analyzed.

Ethics statement
----------------

This study was approved by the institutional review board of Ajou University Hospital (IRB No. MED-MDB-13-114). Informed consent was waived by the bvoard because of the observational nature of the study.

RESULTS
=======

During the 32-month study period, there were 1,111 (approximately 416.5 per years and 34.8 per remaining month) trauma patients in our hospital with an ISS score higher than 15. Of these, the complete and available medical records of 100 patients who met the criteria for this study were analyzed. Patients had a mean age of 47 (13-87) yr, 83% of them were male patients, and most (93%) of them had experienced blunt traumas ([Table 1](#T1){ref-type="table"}). Up to 2,723 units of PRBC and 1,755 units of FFP were transfused during the 24-hr resuscitation period. The first PRBC unit were given at a median time of 34 min (range: 12-410 min), and the first FFP unit was given at a median time of 146 min (range: 12-1,430 min).

The overall in-hospital mortality was 36% (36 deaths) ([Table 2](#T2){ref-type="table"}), and 11% of these deaths occurred within 24 hr of admission. The causes of death in these 36 patients were exsanguinating hemorrhage (ongoing bleeding) in 14 patients (38.9%), multisystem organ failure in 15 patients (41.7%), traumatic brain injury in 6 patients (16.7%), and another cause in 1 patient (2.8%). All 11 patients who died within 24 hr died due to exsanguinating hemorrhage. The 14 patients who died due to exsanguinating hemorrhage died after an average of 17.1 hr upon their arrival at the hospital, with a median time of death of 8.0 hr. Fifteen patients died because of multi-organ failure in a mean time of 718.4 hr (29.9 days) and a median value of 432 hr (18 days) after they arrived at the hospital. Six patients who initially had brain injury that either progressed or did not subside despite bleeding control and who had no organ failure were classified as having died due to traumatic brain injury.

There were 68 patients in the high-ratio (FFP:PRBC ratio≥0.5) group and 32 in the low-ratio (FFP:PRBC ratio\<0.5) group. The clinical and laboratory characteristics of the 2 groups are shown in [Table 1](#T1){ref-type="table"}. There were no statistical differences between the 2 groups with respect to sex, age, type of accidents, ISS values, initial blood test results, and systolic blood pressure. However, FFP (*P*\<0.001), FFP/PRBC (*P*\<0.001), platelets (*P*=0.001), and crystalloid (*P*=0.015) administration as well as the initial diastolic blood pressure (DBP) (*P*=0.033) differed significantly. Thus, more amount of FFP and platelets was administered in the high-ratio group than in the low-ratio group, and the high-ratio group presented with lower initial DBPs upon their arrival at the hospital.

The comparison of the 24-hr survival rates indicated that the high-ratio group had a significantly higher survival rate than the low-ratio group (97.1% vs. 71.9%, respectively \[*P*\<0.001\]) ([Fig. 1A](#F1){ref-type="fig"} and [Table 2](#T2){ref-type="table"}). The 30-day survival rate of the high-ratio group was only slightly higher than that of the low-ratio group, but the difference was not statistically significant (67.6% and 56.2%, respectively \[*P*=0.117\]) ([Fig. 1B](#F1){ref-type="fig"} and [Table 2](#T2){ref-type="table"}).

[Table 2](#T2){ref-type="table"} shows the complications of massive transfusions noted in our study patients. Although infection, TRALI, and ARDS were investigated, but there was only 1 case of TRALI in the high-ratio group out of the 100 patients; hence, we excluded it from [Table 2](#T2){ref-type="table"} because its incidence was considered insignificant. There was no significant difference in the overall infection incidence rates between the 2 groups. However, 10 cases of bloodstream infection were reported in the high-ratio group, with the difference being statistically significant (*P*=0.028). Eight cases of catheter-related infection were reported in the high-ratio group (*P*=0.052). There was 1 case of ARDS in the low-ratio group and 4 in the high-ratio group, but the difference between the 2 groups was not significant.

DISCUSSION
==========

The ability to control the bleeding successfully is the most important factor while treating severe trauma patients with hemorrhage. Trauma surgeons can now control bleeding more efficiently owing to the remarkable improvements in damage control surgery and radiologic intervention techniques. Further, studies ([@B6], [@B7], [@B8]) have suggested that changes in resuscitation before and after surgery, along with surgery and radiologic intervention, which is performed in DCR or hemostatic resuscitation, can also alter patient prognoses. This method is currently being applied through several approaches on civilians with good results.

The components of DCR can be summarized as permissive hypotension, the use of blood products over isotonic fluid for volume replacement, and the fast and early correction of coagulopathy with component therapy ([@B9]). However, there have been numerous arguments in applying the principles of permissive hypotension for severe traumatic hemorrhagic patients. In addition, the limited use of fluids during resuscitation efforts is in direct opposition to guidelines put forth by the American College of Surgeons and the ATLS protocol ([@B10]). Although the SBP in the group of high ratio group is lower than in the group of low ratio in our results, the difference was not significant enough to show the effects of permissive hypotension. Therefore, the main concept of DCR that we wanted to focus on is using less crystalloids and more blood products as early as possible to correct the hypovolemic state. The FFP:PRBC ratio has attracted a great deal of attention and has been recently the subject of numerous studies. Ever since Hewson et al. ([@B19]) suggested the use of an FFP:PRBC ratio of 1:1 in 1986, it has been largely ignored until consensus on this topic started building up again recently ([@B11], [@B17]), to the point where it is now included in the chapter ([@B9]) on shock in a surgery textbook. There are still arguments that using more FFP to produce better results is based on bias ([@B16]), and that using more blood products (especially FFPs, platelets, and plasma-based solutions, compared to PRBCs) causes more infections and leads to TRALI and ARDS ([@B13], [@B14], [@B15], [@B20]).

In our institution, during the past 3 yr, the amount of crystalloids used for hypovolemic state correction has been reduced and more blood products have been used to treat severe trauma patients. We have been trying to increase the FFP:PRBC ratio to 1:1 and are preparing a massive transfusion protocol based on the results of other studies. In the past 32 months, we administered 2,723 units of PRBC, 1,755 units of FFP, and 1,544 units of platelets to 100 severe trauma patients who received massive transfusions. There were significant differences in the DBPs at admission and the amounts of FFP, platelets, and crystalloids received by patients in the high- and low-ratio groups of this study. Of note, patients who presented with a lower DBP upon their hospital admission received more FFPs and platelets than crystalloids and these factors were considered while determining the 24-hr survival rates. Further, patients in the high-ratio group who had a lower DBP and a worse shock state showed a higher survival rate when they received less crystalloids and more FFPs and platelets. Although the 30-day survival rates of the 2 groups did not differ significantly, initial management with fluid and blood transfusion seems to have been a deciding factor of their short-term survival rates.

The present study results indicate that the use of platelets in the 2 groups also differed, but such analyses were not the focus of this study, as fewer platelet transfusions were used than the amount recommended by the 1:1:1 ratio stated in previous studies ([@B17], [@B21], [@B22]). Additionally, considering the limited blood product supply in our country, as in most countries, scarce supply of platelets hindered the surgeons from administering sufficient amounts at the required times. It is true that we were cautious about the quantities and timing of platelet transfusions administered to patients with varied conditions and still do not include the use of platelets in our massive transfusion protocol. However, we felt the need to arrive first on the correct FFP:PRBC ratio; hence, this was the focus of our data analysis. However, we are planning further studies on a comprehensive massive transfusion protocol that includes the use of platelets.

A total of 100 patients were administered FFP:PRBC at an average ratio of 0.65, and these patients had a survival rate of 64%. Considering the 41%-74% survival rate reported by a multicenter study ([@B23]) conducted in 16 American Level I trauma centers, the results of the present study can be considered as acceptable. Eleven of the 36 deaths took place within 24 hr and were due to exsanguinating hemorrhage. There was a statistically significant difference between groups when comparing the 9 deaths in the low-ratio group and the 2 deaths in the high-ratio group (71.9% vs. 97.1%, respectively \[*P*\<0.001\]). However, this significant difference could be biased by the fact that those who survived allowed more time for the medical staff to administer larger quantities of FFP. To clarify this issue, perhaps a new prospective study should be conducted with a larger sample of patients.

The difference in bloodstream infection between groups was statistically significant (low ratio 0 vs. high ratio 10, \[*P*=0.028\]); further, the incidence of catheter-related infection differed (low ratio 0 vs. high ratio 8, \[*P*=0.052\]), but not significantly. As catheter-related and bloodstream infections were more frequent in the high-ratio group, unlike other infections, we can conclude that the increase in FFP transfusions led to an increased rate of infection, as previously considered. Unlike other studies ([@B20], [@B24], [@B25]) that showed an incidence rate higher than 30% for ARDS, we observed a lower incidence (5%) of ARDS. We had only a few cases of ARDS, and as for TRALI, the comparison between both groups seemed insignificant. Although we could not explain clearly the reason why there were fewer cases of ARDS and TRALI than that reported in other studies, it was obvious that complications such as ARDS and TRALI did not create major issues while applying damage control resuscitation strategies to the patients in need of massive transfusions.

This study was limited by the fact that it was a retrospective study with a small sample of patients. However, the 2 groups had remarkable differences in the amounts of their FFP and platelet transfusions received, FFP:PRBC ratio targeted, and crystalloids administered, despite the absence of clinical differences on blood tests and in their hemodynamic states (excluding DBP), which may have contributed to the difference in their survival rates.

To conclude, when treating severe trauma patients with hemorrhage, increasing the FFP:PRBC ratio to greater than 0.5 can result in a higher survival rate, especially the 24-hr survival rate. However, to decrease the risk of complications such as catheter-related and bloodstream infections, which were more frequent in the high-ratio group, careful and aseptic techniques must be used when administering such regimens. A larger sample size for our future prospective study is expected to contribute significantly to the establishment of a massive transfusion protocol.
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Comparison of baseline characteristics of massive transfusion patients in the 2 groups
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^\*^Statistically significant. PRBC, packed red blood cell; FFP, fresh frozen plasma; ISS, injury severity score; INR, international normalized ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; GCS, glasgow coma scale.

###### 

Comparison of mortality and complication rates between patients who received a high FFP:PRBC and a low FFP:PRBC transfusion ratio
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^\*^Events reported were scarce. TRALI, transfusion-related acute lung injury; ARDS, acute respiratory distress syndrome.
